Background
==========

Breastfeeding has been shown to be an unsurpassed means of infant feeding that provides many health benefits to both infants \[[@B1]-[@B9]\] and mothers \[[@B4],[@B10]\]. Breastfeeding may help prevent chronic diseases and conditions such as childhood obesity \[[@B11]\], type 2 diabetes \[[@B12]\], and asthma \[[@B4]\]. Exclusive breastfeeding for 6 months confers several health benefits, such as decreased rates of gastrointestinal tract infections and morbidity \[[@B13],[@B14]\]. Breastfeeding mothers may have delayed fertility, lower risk of postpartum bleeding, faster return to pre-pregnancy weight, and decreased risk of breast and ovarian cancers \[[@B4],[@B15]-[@B17]\]. The short-term health risks associated with feeding exclusively by formula (i.e., not breastfeeding at all) include increased risk of otitis media and diarrhea \[[@B18]\], increased susceptibility to rare diseases, such as leukemia \[[@B4],[@B19]\], severe lower respiratory tract infections \[[@B4],[@B20]\], and sudden infant death syndrome \[[@B4]\].

In 2004 the Public Health Agency of Canada, the Canadian Paediatric Society, and Health Canada \[[@B21],[@B22]\] endorsed the 2001 World Health Organization (WHO) breastfeeding guidelines that recommend that all infants be exclusively breastfed for the first 6 months of life with continued breastfeeding for 2 years and beyond \[[@B14],[@B17]\]. Although the majority of Canadian women initiate breastfeeding, early supplementation of infants' diets \[[@B23]-[@B26]\] means that only a minority of women exclusively breastfeed for 6 months. In 2003, a national Canadian survey reported that 81% of infants were fed solid foods before 3 months of age, and 89% and 100% were fed solids before 5 and 6 months of age, respectively \[[@B27]\]. Other Canadian studies reported that exclusive breastfeeding is commonly practiced among highly educated, multiparous, older women who live with a partner, have lower body mass indices (BMIs), and reside in urban areas \[[@B23],[@B24],[@B28]\]. Other studies identify maternal attitude as a better predictor of infant feeding decisions than socio-demographic factors \[[@B29]-[@B32]\]. According to the "Theory of Reasoned Action," an individual's intention to perform a behaviour is the primary determinant of the behaviour \[[@B33]\], which is itself influenced by the individual's attitude toward performing the behaviour \[[@B34]\]. Maternal attitude may be a more suitable focus for study than fixed socio-economic factors \[[@B35]\].

Understanding the predictors of exclusive breastfeeding may assist in the creation of programs that promote breastfeeding exclusivity and may lead to more infants being exclusively breastfed in accordance with the WHO guidelines \[[@B23]\]. Gaps and limitations of previous infant feeding studies, changes over time in infant feeding practices and guidelines \[[@B14],[@B17],[@B36],[@B37]\], and the differences in provincial breastfeeding rates in Canada \[[@B23]\] suggest that more understanding of infant feeding patterns is required. There are no previous Canadian studies that assess the psychosocial determinants of exclusive breastfeeding and infant feeding transitions during the first 6 months postpartum.

The aims of this study were to evaluate in a longitudinal birth cohort a) the transitions in infant feeding practices between 3 and 6 months postpartum relative to the current WHO and Health Canada guidelines and b) the relationship between parental/infant characteristics and exclusive breastfeeding to 3 and 6 months after birth.

Methods
=======

Population and sampling
-----------------------

This study is part of the Alberta Pregnancy Outcomes and Nutrition (APrON) study, the largest on-going Canadian prenatal nutrition cohort study that uses repeated measures over a 4-year period to assess health and nutrition outcomes among pregnant women and their children. (See <http://www.apronstudy.ca> and Kaplan et al. 2012 for more information on rationale and methods) \[[@B38]\]. During the first phase of the APrON study (May 2009-March 2010), 600 pregnant women from Edmonton and Calgary, Alberta (Western Canada), were recruited through media advertising and contact in maternity clinics. Pregnant women who delivered a baby were followed postpartum. The intake criteria were: 1) resident of Calgary/Edmonton or surrounding areas, 2) reside in the region for at least 6 months, 3) ≤27 weeks gestation, 4) ≥16 years of age, 5) able to speak and write in English, and 6) able to complete consent forms for themselves and their infants.

Of the 600 pregnant women who went through the intake process in the first cohort of the APrON, 470 were followed up with and completed the 3-month infant surveys (response rate = 78.34%) (Figure [1](#F1){ref-type="fig"}). Infants who were healthy (without medical conditions or congenital malformations), singleton, term (\>37 weeks gestational age), and with normal birth weight (\>2500 grams at birth) were included. Records with inconsistencies, errors, or missing values for infant feeding variables at 3- and 6-month time points were excluded. There remained 402 and 300 infant records available for analyses at 3 and 6 months of age, respectively (Figure [1](#F1){ref-type="fig"}).

![**Recruitment details: reasons for non-participation and non-eligibility among a subsample of participants from the first phase of Alberta Pregnancy Outcomes and Nutrition (APrON) study.** (legend) ^\*^Examples of inconsistencies in responses include mothers who had indicated they have "stopped breastfeeding" or "have not yet introduced breast milk", but at the same time provided "positive frequencies" for breast milk feeding in the FFQs. Other examples include mothers who had stated they have "never breastfed their infants" while providing "age of introduction" or "intake frequency" of breast milk. In addition, some mothers indicated they had "not yet introduced breast milk" or had "stopped breastfeeding" while they also stated on another questionnaire that they were "currently breastfeeding".](1471-2431-13-77-1){#F1}

General characteristics (e.g., age, BMI, parity, IIFAS scores, and parental education level) of participants who were included in the final analyses (n = 300) were similar to the characteristics of the initial participants (n = 600).

The Health Research Ethics Board at the University of Alberta and the Conjoint Health Research Ethics Board at the Faculty of Medicine, University of Calgary, approved the study. Prior to the study, participants provided informed written consent for their own and their infants' participation.

Measurements
------------

### Baseline assessments

Several baseline variables collected during pregnancy were considered as possible predictors of exclusive breastfeeding. Parental socio-demographic and lifestyle characteristics obtained from self-report questionnaires were: age (in years), marital status, educational level, occupational status, annual household income, household size, birthplace, gravida, parity, chronic disease history, medication use, and pre-pregnancy weight. At the first prenatal visit, trained research staff measured the women's height using a digital stadiometer (Charder HM200P Portstad Portable Stadiometer, USA).

### Iowa infant feeding attitude scale (IIFAS)

During the third trimester, women completed the IIFAS survey to determine their knowledge and attitudes toward breastfeeding \[[@B30]\]. The scale developer (A. de la Mora) \[[@B30]\] granted permission to use the tool. The IIFAS is a self-report tool composed of 17 items on a 5-point Likert scale ranging from "strongly disagree" to "strongly agree". Items that favoured formula feeding were reverse-coded, and a summative score of all items made up the total IIFAS score \[[@B30]\]. The overall scores were organized into 3 categories: positive to breastfeeding (70--85), neutral (49--69), and positive to formula feeding (17--48) \[[@B29],[@B30]\]. Previous studies that have evaluated the IIFAS, this tool has shown strong internal consistency and adequate construct, content, and predictive validity among a variety of populations \[[@B39]\].

We assessed the reliability (internal consistency) and validity of the IIFAS in this sample of pregnant women. The IIFAS had robust internal reliability (Cronbach's α = 0.81) (cut-off point = 0.70). The reliability testing showed that all but two of the IIFAS items had positive, significant corrected item-total correlations (\>0.2) -- "breast milk is lacking in iron" and "a mother who occasionally drinks alcohol should not breastfeed her baby" \[[@B30]\] -- and were left in the analyses due to the overall strong reliability of the IIFAS.

### Follow-up assessments

At the 3-month postpartum visit, mothers were weighed to the nearest 0.01 kg using digital scales (Healthometer Professional 98 752KL, Pelstar LLC, IL, USA). Infant characteristics such as gender, gestational age, birth weight, number of siblings, birth problems, medical conditions, and feeding behaviours were collected through hospital charts and questionnaires. Infants were weighed at 3 months postpartum through direct measurement. Mothers completed a "Child Food and Liquid Intake" (CFLI) questionnaire at approximately 3 and 6 months postpartum (retrospective recall). The APrON team developed the questionnaire based on 24-hour dietary recalls from Canadian children (S. Atkinson, personal communication) and other large surveys of infants and toddlers \[[@B40]-[@B42]\]. A diverse group of health professionals (i.e., dietitians, pediatricians, midwives, nurses, lactation consultants, and public health nurses involved in well-baby clinics and home care) evaluated both the content validity and face validity of the questionnaire. The CFLI included structured questions related to 1) breastfeeding and formula feeding practices and the reasons for breastfeeding cessation (6 questions), 2) the age of initiation of each food item and other infant feeding practices and behaviours (e.g., vitamin/mineral supplementation and feeding on demand/scheduled feeding), and 3) a 40-item qualitative food frequency questionnaire (FFQ). The infant FFQ was pre-tested in a group of women whose infants were between 3 and 36 months of age (n = 10/age group), and the results showed that the tool was able to detect significant dietary changes between each separate age group.

Classification of infant feeding patterns
-----------------------------------------

Infants' feeding patterns were classified according to the WHO definitions: "exclusive breastfeeding", "predominant breastfeeding", "complementary/replacement feeding", and "not breastfeeding" \[[@B43]\]. Exclusive breastfeeding to 6 months, which is the primary feeding pattern of interest in this study, is defined as the intake of breast milk (e.g., directly, expressed, or from a wet nurse) without any additional liquids or solid/semi-solid foods \[[@B44]\]; intakes of oral rehydration solution (ORS), vitamins, minerals, and medications in the form of drops or syrups are allowed \[[@B43]\]. Predominant breastfeeding is defined as the intake of breast milk as the primary source of nourishment \[[@B43]\] along with water, water-based drinks, fruit juice, or ritual fluids; ORS, vitamins, minerals, and medications are included in this feeding category \[[@B43]\]. Complementary and/or replacement feeding is defined as an intake pattern that includes breast milk and solid or semi-solid foods \[[@B43]\]. We included the term "replacement feeding" in this category since formula, foods, or liquids introduced during the first 6 months "replace" breast milk rather than "complement" it \[[@B45]-[@B47]\].

Statistical analysis
--------------------

All statistical analyses were performed using Statistical Package for Social Sciences version 18.0 (SPSS Inc.; Chicago, IL, USA, 2009). A p-value was set at alpha \<0.05 for a two-tailed test. Categorical variables between feeding categories were compared using the Pearson's chi-square, Yates' correction for continuity, or Fisher's exact tests, as appropriate. When normality was confirmed, an independent sample t-test was used to compare continuous variables between the exclusive and the non-exclusive breastfeeding groups. A Mann--Whitney U test was used when normality did not exist. Several variables such as parental ethnicity, place of residence, alcohol consumption, smoking, recreational street drug use, and assisted fertility birth were not evaluated due to heterogeneity and small sample size.

Cronbach's alpha \[[@B48]\] was used to determine the reliability (internal consistency) of the IIFAS. The regression coefficients were used to estimate the probability of exclusive breastfeeding among the IIFAS score quartile categories. Direct logistic regression analysis identified potential determinants of 6-month exclusive breastfeeding. Multi-collinearity between the variables was examined and, although all variables had normal tolerance (\> 0.10), variance inflation factors (VIF) for pre-pregnancy BMI and BMI at 3 months postpartum were high (7.849 and 7.853, respectively), and therefore BMI at 3 months postpartum was excluded from future analyses. The direct binary logistic regression models used only significant variables.

The Hosmer-Lemeshow test \[[@B49]\] assessed the practical utility of each logistic solution, and the results were compared to Nagelkerke R^2^ effect sizes. Final logistic regression analyses on cases (no missing data for IIFAS score, parity, education, and pre-pregnancy BMI) reduced the sample size to 253. Statistical tests indicated that none of the four variables significantly distinguished between cases excluded and included in the regression analysis (Additional file [1](#S1){ref-type="supplementary-material"}).

Results
=======

The characteristics of women in the present study who breastfed exclusively for 3 and 6 months are presented in Table [1](#T1){ref-type="table"}. In general, the women were 31 years of age, were married or living common-law (≥97%), had a university education (≥75%), held paid employment (≥80%), had an annual household income of \$70,000 or greater (≥82%), and had been born in Canada (≥82%) (Table [1](#T1){ref-type="table"}). Similarly, the majority of fathers had a university degree (≥60%) and had been born in Canada (≥83%).

###### 

**Baseline characteristics of a subsample of participants from the first cohort of Alberta Pregnancy Outcomes and Nutrition (APrON) study in relation to breastfeeding exclusivity for 3 and 6 months**^**†,1,2**^

  **Characteristics**                             **Exclusive breastfeeding**                                                                                                
  ---------------------------------------------- ----------------------------- --------------- --------------- ------------- --------------- --------------- --------------- -----------
  **Parental socio-demographic factors**                                                                                                                                           
  Maternal age^3^, *years*                                31.0 (6.0)             31.0 (6.0)      31.0 (5.0)      0.539^4^      31.0 (6.0)      31.0 (6.0)      32.0 (5.0)     0.022^4^
  Maternal marital Status                                                                                                                                                          
   Single/Divorced/Separated                               11 (2.7)                6 (3.3)         5 (2.3)       0.761^5^        6 (2.0)         5 (2.0)         1 (2.2)      0.999^5^
   Married/Common-law partner                             390 (97.3)             178 (96.7)      212 (97.7)                    293 (98.0)      248 (98.0)       45 (97.8)          
  Maternal education level                                                                                                                                                         
   Less than secondary education                          114 (28.4)              61 (33.0)       53 (24.4)      0.164^6^       83 (27.7)       75 (29.5)       8 (17.4)      0.007^5^
   Completed university undergraduate degree              196 (48.8)              85 (45.9)      111 (51.2)                    146 (48.7)      127 (50.0)       19 (41.3)          
   Completed university post-graduate degree               92 (22.9)              39 (21.1)       53 (24.4)                     71 (23.7)       52 (20.5)       19 (41.3)          
  Paid job during pregnancy                                                                                                                                                        
   Yes                                                    323 (81.0)             150 (82.0)      173 (80.1)      0.728^7^      242 (81.5)      209 (83.3)       33 (71.7)     0.100^7^
   No                                                      76 (19.0)              33 (18.0)       43 (19.9)                     55 (18.5)       42 (16.7)       13 (28.3)          
  Occupational status during pregnancy^8^                                                                                                                                          
   Full-time                                              247 (76.7)             117 (78.0)      130 (75.6)      0.704^7^      189 (78.4)      163 (78.4)       26 (78.8)     0.999^5^
   Part-time                                               75 (23.3)              33 (22.0)       42 (24.4)                     52 (21.6)       45 (21.6)       7 (21.2)           
  Canadian-born mother                                                                                                                                                             
   No                                                      62 (15.7)              33 (18.1)       29 (13.6)      0.266^7^       44 (14.9)       37 (14.7)       7 (15.9)      0.820^5^
   Yes                                                    334 (84.3)             149 (81.9)      185 (86.4)                    251 (85.1)      214 (85.3)       37 (84.1)          
  Annual household income, *CAD*                                                                                                                                                   
   \<20,000                                                 7 (1.8)                5 (2.7)         2 (0.9)       0.277^5^        2 (0.7)         2 (0.8)         0 (0.0)      0.992^5^
   20,000-39,000                                           11 (2.8)                7 (3.8)         4 (1.9)                       5 (1.7)         5 (2.0)         0 (0.0)           
   40,000-69,000                                           52 (13.2)              19 (10.4)       33 (15.6)                     41 (13.9)       35 (14.1)       6 (13.0)           
   70,000-99,000                                          105 (26.6)              50 (27.3)       55 (25.9)                     78 (26.4)       66 (26.5)       12 (26.1)          
   ≥100,000                                               220 (55.7)             102 (55.7)      118 (55.7)                    169 (57.3)      141 (56.6)       28 (60.9)          
  Household size^3^, *n*                                   2.0 (1.0)              2.0 (1.0)       3.0 (1.0)      0.212^4^       2.0 (1.0)       2.0 (1.0)       3.0 (1.0)     0.135^4^
  Paternal education level                                                                                                                                                         
   Less than secondary education                          113 (40.8)              54 (46.2)       59 (36.9)      0.270^6^       90 (41.1)       79 (43.2)       11 (30.6)     0.055^6^
   Completed university undergraduate degree              111 (40.1)              44 (37.6)       67 (41.9)                     87 (39.7)       74 (40.4)       13 (36.1)          
   Completed university post-graduate degree               53 (19.1)              19 (16.2)      34 (221.3)                     42 (19.2)       30 (16.4)       12 (33.3)          
  Paternal birth place                                                                                                                                                             
   Canada                                                 230 (83.0)              93 (79.5)      137 (85.6)      0.237^7^      181 (82.6)      150 (82.0)       31 (86.1)     0.638^5^
   Foreign countries                                       47 (17.0)              24 (20.5)       23 (14.4)                     38 (17.4)       33 (18.0)       5 (13.9)           
  **Maternal health information**                                                                                                                                                  
  Gravida^3^, *n*                                          2.0 (1.0)              2.0 (2.0)       2.0 (1.0)      0.124^4^       2.0 (1.0)       2.0 (1.0)       2.0 (2.0)     0.548^4^
  Parity                                                                                                                                                                           
   Primiparous                                            222 (55.6)             117 (63.6)      105 (48.8)      0.004^7^      175 (58.9)      156 (62.2)       19 (41.3)     0.013^6^
   Multiparous                                            177 (44.4)              67 (36.4)      110 (51.2)                    122 (41.1)       95 (37.8)       27 (58.7)          
  Planned pregnancy                                                                                                                                                                
   Yes                                                    330 (82.3)             144 (78.3)      186 (85.7)      0.069^7^      249 (83.6)      207 (82.1)       42 (91.3)     0.136^5^
   No                                                      71 (17.7)              40 (21.7)       31 (14.3)                     49 (16.4)       45 (17.9)        4 (8.7)           
  Pre-pregnancy weight^3^, *kg*                          63.63 (15.89)          65.77 (17.35)   62.66 (14.69)    0.132^4^     63.63 (15.66)   64.09 (15.71)   61.36 (13.40)   0.089^4^
  Pre-pregnancy BMI^3,9^, *kg/m*^*2*^                     22.87 (5.4)            23.32 (5.7)     22.35 (4.7)     0.016^4^      22.98 (5.4)     22.99 (5.4)     22.12 (5.3)    0.048^4^
  Pre-pregnancy BMI categories^9^, *kg/m*^*2*^                                                                                                                                     
   Underweight (≤18.5)                                     12 (3.1)                3 (1.7)         9 (4.2)       0.266^5^       10 (3.4)         1 (0.7)         9 (5.9)      0.019^5^
   Normal (18.6-24.9)                                     255 (64.9)             113 (62.4)      142 (67.0)                    189 (64.5)       86 (61.0)      103 (67.8)          
   Overweight (25.0-29.9)                                  75 (19.1)              38 (21.0)       37 (17.5)                     56 (19.1)       33 (23.4)       23 (15.1)          
   Obese (≥30)                                             51 (13.0)              27 (14.9)       24 (11.3)                     38 (13.0)       21(14.9)        17 (11.2)          
  IIFAS score^10,11^                                      67.06 (741)           64.42 (7.57)    69.08 (6.62)    \<0.001^12^   67.27 (7.59)    66.60 (7.63)    70.67 (6.44)    0.001^12^

CAD: Canadian dollars; BMI: body mass index; IIFAS: Iowa Infant Feeding Attitude Scale.

^†^Even though we evaluated several paternal factors in relation to breastfeeding exclusivity (e.g., paternal marital status, occupation, smoking habits, etc.) since the missing rate was high for many of paternal questions and participation rate was lower among fathers we chose to only include paternal birth place and education in this table.

^1^Values are n (%), unless otherwise noted.

^2^Denominators vary due to missing data.

^3^Median (interquartile range (IQR)).

^4^Mann-Whitney U Test.

^5^Fisher's exact test.

^6^Pearson's chi-square.

^7^Yates' correction for continuity.

^8^Calculated only among mothers who were employed.

^9^BMI was calculated by dividing the weight in kilograms by square of height in meters.

^10^Score ranges from 17-85, with higher scores indicating more positive attitudes toward breastfeeding.

^11^Mean (standard deviation (SD)).

^12^Independent sample t-test.

Women who breastfed exclusively for 6 months were more likely than women who did not breastfeed exclusively for 6 months to hold a university post-graduate degree (41.3% vs. 20.5%), to be multiparous (58.7% vs. 37.8%), and to have a lower pre-pregnancy BMI (22.1 vs. 23.0 kg/m^2^).

Infant feeding practices
------------------------

In this study, 98.6% of mothers breastfed at some point during the first 6 months postpartum, and 18.3% weaned their infants by 6 months. The prevalence of "exclusive breastfeeding" at 3 and 6 months was 54.0% and 15.3%, respectively (Figure [2](#F2){ref-type="fig"}). Transitions to the other feeding categories showed an inverse relationship. Instances of "complementary/replacement feeding" rose from 37.6% to 62.3%, non-breastfeeding from 8.0% to 19.7%, and predominant breastfeeding from 0.5% to 2.7% (Figure [3](#F3){ref-type="fig"}).

![**Infant feeding patterns and transitions between 3 months (n = 402) and 6 months (n = 300) postpartum in a subsample of participants from the first phase of Alberta Pregnancy Outcomes and Nutrition (APrON) study**^**1**,**2**^**.** (legend) ^1^Categories were defined based on the infant feeding guidelines of the World Health Organization^2^. Non-breastfeeding: infants have received no breast milk (directly, expressed, or from a wet nurse) and could be fed any solid/semi-solid foods or liquids including non-human milk. Complementary feeding/replacement feeding: infants have received breast milk (directly, expressed, or from wet nurse) and solid/semi-solid foods, food-based liquids, or non-human milk. Predominant breastfeeding: infants have received breast milk (directly, expressed, or from a wet nurse) as the main source of nourishment, and feeding of certain liquids (water, water-based drinks, and fruit juice), ritual fluids, ORS, drops, and syrups (vitamins, minerals, and medicines) were allowed. Infants in this category have not received anything else especially non-human milk and food-based liquids. Exclusive breastfeeding: infants have received breast milk (directly, expressed, or from a wet nurse) and only ritual fluids, ORS, drops, and syrups (vitamins, minerals, and medicines) were allowed. Infants in this group were not allowed to receive anything else.](1471-2431-13-77-2){#F2}

![**Detailed breakdown of infant feeding categories during 3 and 6 months postpartum in a subsample of participants from the first phase of Alberta Pregnancy Outcomes and Nutrition (APrON) study**^**1**,**2**^**.** (legend) ^1^Categories were defined based on the infant feeding guidelines of the World Health Organization. ^2^*Non*-*breastfeeding*: requires that infants receive no breast milk (directly, expressed, or from a wet nurse) and could be fed any solid/semi-solid foods or liquids including non-human milk. *Complementary feeding*/*replacement feeding*: requires that infants receive breast milk (directly, expressed, or from a wet nurse) and solid/semi-solid foods, food-based liquids, or non-human milk. *Predominant breastfeeding*: requires that infants receive breast milk (directly, expressed, or from a wet nurse) as the main source of nourishment and allows feeding of certain liquids (water, water-based drinks, and fruit juice), ritual drinks, ORS, drops, and syrups (vitamins, minerals, medicines). Infants in this category are not allowed to receive anything else especially non-human milk and food-based fluids. *Exclusive breastfeeding*: requires that infants receive breast milk (directly, expressed, or from a wet nurse) and only allows intake of drops and syrups (vitamins, minerals, medicines). Infants in this group are not allowed to receive anything else.](1471-2431-13-77-3){#F3}

By 6 months of age over half (54.7%) of infants received formula and 76.0% were fed other liquids (excluding formula), semi-solids, or solid foods. Between 3 and 6 months 71.0% of breastfed infants had transitioned to solid/semi-solid foods (excluding formula), but there was only a 9.4% increase in "ever formula feeding" (data not shown). Reasons commonly given for discontinuing breastfeeding included: perceived milk insufficiency/breastfeeding problems (50.9%), infants' unwillingness to suck at the breast (16.4%), self-weaning among infants (10.9%), painful/sore nipples or breasts (9.0%), and fatigue (5.5%).

Maternal infant feeding knowledge and attitudes
-----------------------------------------------

Higher IIFAS scores during pregnancy illustrated the predictive validity of the scores. Higher scores were significantly associated with higher odds of exclusive breastfeeding for 3 months (OR: 1.10, 95% CI: 1.06-1.13; p \< 0.001) and 6 months postpartum (OR: 1.08, 95% CI: 1.03-1.14; p = 0.002). The prevalence of any breastfeeding during the first 3 months (OR: 1.43, 95% CI: 1.12-182; p = 0.004) and 6 months (OR: 1.26, 95% CI: 1.08-1.47; p = 004) was significantly higher among mothers who had higher IIFAS scores (p = 0.004) (data not shown). After adjusting binary logistic regression models for potential confounders (i.e., parity, education, pre-pregnancy BMI), women in the highest quartile of the IIFAS score (pro-breastfeeding) were 4.29 times more likely to breastfeed exclusively to 6 months (95% CI: 1.31-14.08) than women in the lowest quartile (pro-formula feeding) (p-trend \< 0.001) (Figure [4](#F4){ref-type="fig"}).

![**Adjusted odds ratios (OR) with 95%confidence intervals (CI) for probability of exclusive breastfeeding for 3 and 6 months across the quartiles of Iowa Infant Feeding Attitude Scale (IIFAS) score among a subsample of participants from the first phase of Alberta Pregnancy Outcomes and Nutrition (APrON) study**^**1**,**2**^**.** (legend) ^1^Logisitic regression model of best fit was adjusted for parity (categorical) and pre-pregnancy body mass index (continuous) for 3-month analyses, and for parity (categorical), education (categorical), and pre-pregnancy body mass index (continuous) for 6-month analyses. ^2^IIFAS score range among participants in the 3-month analyses: Quartile 1: 39.00-62.00; Quartile 2: 62.01-67.00; Quartile 3: 67.01-72.00; Quartile 4: 72.01-83.00. IIFAS score range among participants in the 6-month analyses: Quartile 1: 39.00-62.25; Quartile 2: 62.26-67.00; Quartile 3: 67.01-73.00; Quartile 4: 73.01-83.00.](1471-2431-13-77-4){#F4}

Comparison of infant feeding knowledge and attitudes
----------------------------------------------------

Overall, the IIFAS scores for women in this study were in the neutral range (i.e., 49--69) (means (SD): 67.27(7.59). However, the scores for women who breastfed exclusively for 6 months were significantly higher (mean (SD): 70.67 (6.44); range = 57-82) than for women who did not (mean (SD): 66.60 (7.63); range = 39-83) (p = 0.001) (Table [2](#T2){ref-type="table"}).

###### 

**Comparison of statistically significant items in the Iowa Infant Feeding Attitude Scale (IIFAS) between mothers who exclusively breastfed to 6 months and those who did not: Alberta Pregnancy Outcomes and Nutrition (APrON) study**^**1,2**^

  **IIFAS items**                                                                       **Exclusive breastfeeding for 6 months**   **Difference mean ± SD**  
  ------------------------------------------------------------------------------------ ------------------------------------------ -------------------------- --------------
  Formula feeding is more convenient than breastfeeding (R)^3^                                        4.03 ± 0.97                        4.36 ± 0.82          −0.32 ± 0.16
  Formula feeding is the better choice if the mother plans to go back to work (R)^3^                  3.74 ± 0.89                        4.07 ± 0.78          −0.33 ± 0.15
  Mothers who formula feed miss one of the great joys of motherhood                                   3.29 ± 1.08                        3.76 ± 1.03          −0.48 ± 0.18
  Women should not breastfeed in public places such as restaurants (R)^3^                             4.30 ± 0.83                        4.64 ± 0.58          −0.34 ± 0.11
  Formula is as healthy for an infant as breast milk (R)^3^                                           3.43 ± 1.00                        3.81 ± 0.80          −0.38 ± 0.14
  Breastfeeding is more convenient than formula                                                       3.97 ± 0.96                        4.33 ± 0.79          −0.37 ± 0.16

SD: Standard deviation.

^1^Of total 17 IIFAS items, only statistically significant scale items (n = 6) are shown due to copy-right restrictions (Independent sample t-test, 2-sided p-value \< 0.05).

^2^IIFAS is comprised of 17 items and responses are on a 5-point Likert scale ranging from "strongly disagree" to "strongly agree". Total score ranges from 17-85, with higher scores indicating more positive attitudes toward breastfeeding.

^3^(R) indicates reverse-coded items.

Of the 17 items on the IIFAS, the mean values for 6 were significantly higher among mothers who exclusively breastfed to 6 months than among mothers who breastfed non-exclusively (Table [2](#T2){ref-type="table"}). In general, mothers who exclusively breastfed to 6 months were less likely to consider formula feeding more convenient than breastfeeding compared to mothers who non-exclusively breastfed (p = 0.04). In addition, mothers who exclusively breastfed for 6 months more strongly disagreed with the statements "women should not breastfeed in public places" (mean (SD): 4.64 ± 0.58 vs. 4.30 ± 0.83; p = 0.002) or "formula is a better option for mothers who plan to return to work" (p = 0.026) than women who did not breastfeed exclusively. Mothers who exclusively breastfed for 6 months were less likely to believe that "formula is as healthy as breast milk", and they were of the opinion that "mothers who formula feed miss one of the great joys of motherhood" (mean (SD)): 6 ± 1.03 vs. 3.29 ± 1.08; p = 0.009) \[[@B30]\]. Overall, 83.3% of mothers who breastfed exclusively to 6 months and 77.1% of mothers who breastfed non-exclusively to 6 months strongly agreed that breast milk is cheaper (data not shown).

Follow-up factors
-----------------

Table [3](#T3){ref-type="table"} shows the results of bivariate analyses for the follow-up maternal and infant characteristics in relation to 3-month and 6-month exclusive breastfeeding. Overall, 59.6% of mothers who exclusively breastfed to 6 months and 45.3% who non-exclusively breastfed had normal BMI values postpartum (p = 0.049).

###### 

**Follow-up postnatal characteristics of a subsample of participants from the first cohort of Alberta Pregnancy Outcomes and Nutrition (APrON) study in relation to breastfeeding exclusivity for 3 and 6 months**^**1,2**^

  **Characteristics**                                      **Exclusive breastfeeding**                                                                                          
  ------------------------------------------------------- ----------------------------- -------------- -------------- ------------ -------------- -------------- -------------- --------------
  **Maternal characteristics**                                                                                                                                                         
  Gestational weight gain^3^*, kg*                                 15.90 (6.6)           15.91 (6.87)   15.45 (6.02)    0.503^4^    15.45 (6.32)   15.59 (6.61)   14.77 (5.34)     0.719^4^
  BMI at 12 weeks postpartum^3,5^, *kg/m*^*2*^                    24.59 (5.53)           25.18 (6.07)   24.17 (5.19)    0.002^4^    24.47 (5.94)   24.48 (5.95)   23.82 (5.01)     0.048^4^
  BMI categories at 12 weeks postpartum^5^, *kg/m*^*2*^                                                                                                                                
   Underweight (≤18.5)                                               3 (0.8)               1 (0.5)        2 (1.0)       0.164^6^      3 (1.0)        1 (0.7)        2 (1.3)        0.049^6^
   Normal (18.6-24.9)                                              200 (51.2)             85 (46.7)      115 (55.0)                  153(52.8)      63 (45.3)      90 (59.6)           
   Overweight (25-29.9)                                            122 (31.2)             58 (31.9)      64 (30.6)                   88 (30.3)      47 (33.8)      41 (27.2)           
   Obese (≥30)                                                      66 (16.9)             38 (20.9)      28 (13.4)                   46 (15.9)      28 (20.1)      18 (11.9)           
  **Infant characteristics**                                                                                                                                                           
  Gender                                                                                                                                                                               
   Female                                                          180 (44.8)             73 (39.5)      107 (49.3)     0.060^7^     140 (46.8)     118 (46.6)     22 (47.8)       0.999^7^
   Male                                                            222 (55.2)             112 (60.5)     110 (50.7)                  159 (53.2)     135 (53.4)     24 (52.2)    
  Gestational age^3,8^, *wks*                                       39 (2.0)              39.0 (2.0)     39.0 (2.0)     0.591^4^     39.0 (2.0)     39.0 (2.0)     39.0 (2.0)      0.945^4^
  Birth weight^9^*, kg*                                            3.44 (0.6)            3.38 (0.63)    3.49 (0.56)    0.206^3,4^   3.48 (0.46)    3.47 (0.46)    3.53 (0.49)    0.464^10,11^
  Weight gain during the first 12 weeks^9,10^, *kg*                2.65 (0.70)           2.66 (0.75)    2.65 (0.66)    0.885^11^    2.63 (0.68)     2.61(0.68)     2.73(0.66)     0.319^11^
  Vitamin/mineral supplement intake^12^                                                                                                                                                
   Yes                                                             333 (92.2)             134 (89.3)     199 (94.3)     0.123^7^     184 (76.7)     148 (76.3)     36 (78.3)       0.928^7^
   No                                                               28 (7.8)              16 (10.7)       12 (5.7)                   56 (23.3)      46 (23.7)      10 (21.7)    

BMI: body mass index.

^1^Values are n (%), unless otherwise noted.

^2^Denominators vary due to missing data.

^3^Median (interquartile range (IQR)).

^4^Mann-Whitney U Test.

^5^BMI was calculated by dividing the weight in kilograms by square of height in meters.

^6^Fisher's exact test.

^7^Yates' correction for continuity.

^8^Calculated only among term infants due to initial exclusion of pre-term infants from the analyses.

^9^Calculated only among infants weighing \>2.5 kilograms due to initial exclusion of low birth weight infants from the analyses.

^10^Mean (standard deviation (SD)).

^11^Independent-sample t-test.

^12^Calculated only among breast-fed infants.

Among all infants in this study, 53.2% were male, and the infant mean weight gain during the first 3 months was 2.63 (0.68) kg (SD). Among breastfed infants, 23.3% were given no supplements (including vitamin D). In addition, 58.0% of mothers "always" fed their infants on demand and 33.0% avoided "scheduled feeding" (data not shown).

Predictors of exclusive breastfeeding to 6 months
-------------------------------------------------

Table [4](#T4){ref-type="table"} shows the results of direct logistic regression models for potential predictors of breastfeeding exclusivity for 6 months. According to the Wald criterion, three variables made statistically significant contributions to the prediction (IIFAS score, multi-parity, and post-graduate education) and were retained in the final logistic regression model (X^2^ (5, n = 253): 24.50, p \<0.001). The logistic regression results did not have convergence problems, and standard errors, as well as bivariate correlation co-efficients, were small.

###### 

**Direct (forced-entry) logistic regression analysis of best-fitting model for predictors of 6-month exclusive breastfeeding among a subsample of participants from the first cohort of Alberta Pregnancy Outcomes and Nutrition (APrON) study**^**\*,†**^

  **Model, predictor**                         ***β***^***1***^   ***SE***^***2***^   **Wald**   **p-value**   ***Exp (B)***^***3***^   ***95%**CI***^***4***^
  ------------------------------------------- ------------------ ------------------- ---------- ------------- ------------------------ ------------------------
  ***Model 1***                                                                                                                                    
  IIFAS score                                        0.08               0.03            9.76        0.002               1.08                  1.03-1.14
  Constant                                          -6.96               1.75           15.86        0.000              0.001           
  ***Model 2***                                                                                                                                    
  IIFAS score                                        0.07               0.03            8.78        0.003               1.08                  1.03-1.13
  Multiparity                                        0.63               0.35            3.30        0.070               1.88                  0.95-3.73
  Constant                                          -7.01               1.75           15.96        0.000              0.001           
  ***Model 3***                                                                                                                                    
  IIFAS score                                        0.07               0.03            7.82        0.005               1.08                  1.02-1.13
  Multiparity                                        0.77               0.36            4.54        0.033               2.16                  1.06-4.39
  Completed university undergraduate degree          0.58               0.51            1.29        0.257               1.79                  0.66-4.87
  Completed university post-graduate degree          1.50               0.53            7.91        0.005               4.46                  1.57-12.63
  Constant                                          -7.77               1.92           16.46        0.000              0.000           
  ***Model4***^5^                                                                                                                                  
  IIFAS score                                        0.07               0.03            7.70        0.006               1.08                  1.02-1.13
  Multiparity                                        0.79               0.37            4.65        0.031               2.21                  1.08-4.52
  Completed university undergraduate degree          0.52               0.52            1.00        0.318               1.68                  0.61-4.63
  Completed university post-graduate degree          1.33               0.54            5.93        0.015               3.76                  1.30-10.92
  Pre-pregnancy BMI^6^                              -0.05               0.05            1.30        0.255               0.95                  0.87-1.04
  Constant                                          -6.52               2.30            8.05        0.005              0.001           

IIFAS: Iowa Infant Feeding Attitude Scale; BMI: body mass index.

^\*^Reference categories include: parity (primiparous); education (less than secondary education).

^†^IIFAS score and pre-pregnancy BMI were entered into models as continuous variables, while multiparity and maternal education were entered as categorical factors.

^1^Coefficient of regression.

^2^Standard error.

^3^Exponential value of β.

^4^95% confidence interval of the exponential value.

^5^Nagelkerke R2 =0.16; Hosmer-Lemeshow test: (X^2^ = 13.31, p = 0.10); positive predictive value = 60.00%; negative predictive value = 84.67%.

^6^BMI was calculated by dividing the weight in kilograms by square of height in meters.

The final regression model suggested that the odds of 6-month exclusive breastfeeding increased 1.08 times for a unit increase in attitude score (95% CI: 1.02-1.13; p = 0.006). Multiparous mothers were 2.21 times more likely to breastfeed exclusively for 6 months (95% CI: 1.08-4.52; p = 0.031) than primiparous mothers. Mothers who held post-graduate degrees were 3.76 times (95% CI = 1.30-10.92) more likely to exclusively breastfeed to 6 months than women who did not have university education (p = 0.015). Although the probability of exclusive breastfeeding to 6 months seemed to be lower among those with higher pre-pregnancy BMIs, this relationship did not achieve statistical significance (p = 0.255).

Discussion
==========

This is the first longitudinal cohort study to report infant feeding transitions and predictors based on a range of potential maternal factors assessed during both prenatal and postnatal periods. A woman's choice to breastfeed exclusively was influenced strongly by maternal education, parity, and attitudes toward breastfeeding. Pregnant women who were in the highest quartile of the IIFAS score were more than 4 times more likely to breastfeed exclusively for 3 and 6 months than those who were in the lowest category. We documented a significant shift in feeding patterns of Albertan infants during the first 6 months of life. The diet shifted from essentially nothing but breast milk, formula, or both for the first 3 months of life to a diet of solid foods as the infants reached 6 months of age. Although almost all Albertan infants were breastfed at some point, about half of them were exclusively breastfed for 3 months and 15.3% for 6 months.

The present study shows that breastfeeding exclusivity was undermined by the introduction of solid/semi-solid foods and infant formula. From 3 to 6 months postpartum, a large proportion of infants were fed formula on a regular basis and a higher proportion were fed semi-solid/solid foods. The WHO recommends that children be breastfed for the six months of life without the introduction of complementary foods. In this study, infants passed from exclusive breastfeeding to complementary feeding/replacement feeding without passing through predominant breastfeeding. However, virtually no data are available to form evidence-based recommendations for the introduction of solids in infants who are receiving exclusively or predominantly infant formula.

A feeding shift that excludes a period of predominant breastfeeding, as reported in this study, is consistent with another Canadian study that suggests that Canadian mothers favour complementary feeding/replacement feeding rather than predominant breastfeeding when the infants are at an early age \[[@B50]\]. Although in this study, water and water-based drinks were introduced frequently to infants, the rare practice of predominant breastfeeding requires that no other foods or food-based liquids be introduced.

It is evident that there is room for improvement in Canadian infant feeding practices. More European infants transition from exclusive breastfeeding to predominant breastfeeding and fewer receive complementary foods including formula during the first weeks of life \[[@B44],[@B51]-[@B55]\]. The differences in feeding patterns between European and North American infants may be explained by the more aggressive marketing of infant formula in North America than in Europe, or they may be a reflection of cultural differences between the two regions \[[@B50]\]. Compared to women in other developed countries, women in North America tend to breastfeed for shorter periods \[[@B28],[@B56],[@B57]\]. Why Canadian women engage in such early complementary feeding behaviours is not clearly understood; it may express their intentions to replace breast milk or prematurely wean their infants \[[@B45],[@B58],[@B59]\] or it may represent unresolved feeding problems, all of which contribute to shorter breastfeeding periods \[[@B60]\]. The breastfeeding rates of Albertan mothers in this study are similar to those reported by national Canadian surveys \[[@B25],[@B26]\] and other developed nations \[[@B61]\]. In industrialized countries in general, the duration of exclusive breastfeeding is short, with the notable exception of the Nordic European region \[[@B61]-[@B64]\].

While more than 20% of breastfeeding mothers in this study did not provide vitamin D supplements to their infants, about half of exclusively breastfeeding mothers in another national survey gave their infants vitamin D supplements \[[@B24]\]. Exclusively breastfed infants living in Canada who do not take vitamin D supplements are at greater risk of vitamin D deficiency and insufficiency as well as rickets \[[@B21],[@B65],[@B66]\]. In Canada, a daily supplement of vitamin D (400 IU) is recommended for all breastfed full-term infants as a way to compensate for minimal exposure to sunlight \[[@B21],[@B64],[@B65]\], to promote health and to prevent deficiency.

More than half of the mothers in this study discontinued breastfeeding because of their perceptions of milk inadequacy or other breastfeeding problems. A perception of milk inadequacy is a commonly cited reason for breastfeeding cessation \[[@B67]\] and may have a strong psychological component that may be rooted in low self-esteem during the early postpartum period \[[@B68]\]. While 1-5% of women in a population may have an insufficient milk supply, as many as 50% of women believe they do \[[@B68]\]. Mothers who overcame breastfeeding problems developed a greater sense of self-efficacy that was associated with continued breastfeeding \[[@B69]\], and future breastfeeding programs should focus on a mother's disbelief in her ability and sense of self-efficacy to breastfeed.

This is the first Canadian study to use the psychometric results of the IIFAS to evaluate women's infant feeding knowledge and attitudes in relation to 6-month exclusive breastfeeding behaviours. In the present study, mothers who had higher IIFAS scores had an increasingly higher probability of 3-month and 6-month exclusive breastfeeding. These results suggest that pregnant women's attitudes toward breastfeeding may be a good indicator of intentions and may shape future infant feeding behaviours. In addition, a large proportion of women in this study had neutral attitudes toward breastfeeding, as did about half the mothers who fed their infants formula during the first 6 months postpartum. A neutral attitude toward breastfeeding during the prenatal period suggests that women's feeding intentions may not be fully formed. This neutrality toward feeding practices may be used by present health professionals as an opportunity to deliver maternal educational programs.

Similar to a recent review \[[@B70]\], this study demonstrated that IIFAS can be a valid and reliable tool to measure infant feeding attitudes among prenatal women. This self-report tool has several advantages over similar instruments, including simplicity, ease of use, simple wording, and applicability to a wide range of groups \[[@B70]-[@B73]\]. However, more studies are needed to evaluate the predictive validity of the IIFAS among diverse population groups. Since the IIFAS score was only 3 units higher among mothers who exclusively breastfed compared to those who did not, and the scores were slightly different between mothers practicing exclusive breastfeeding and those who breastfed non-exclusively, future evaluations of this tool in different settings with diverse populations are warranted.

Several international \[[@B74],[@B75]\] and Canadian studies \[[@B23],[@B28],[@B76]-[@B80]\] also found that maternal socio-demographic and lifestyle factors determined maternal infant feeding behaviours. Similar to other Canadian studies, the present study found that maternal education was the strongest predictor of breastfeeding exclusivity and that mothers who hold post-graduate degrees are 3.5 times more likely to breastfeed exclusively to 6 months, compared to those without a post-secondary education \[[@B23],[@B24],[@B28],[@B80],[@B81]\]. Maternal education was associated with breastfeeding initiation and continuation as well as with types of liquids and solids fed to infants in studies from Canada \[[@B24],[@B28],[@B80],[@B81]\] and from other countries \[[@B31],[@B74],[@B75],[@B82]\]. Mothers with higher education were more likely to have well-informed infant feeding decisions and were more receptive to positive health messages including the benefits of breastfeeding \[[@B23],[@B71]\].

In the present study, mothers with previous children were more than twice as likely as first-time mothers to breastfeed exclusively for 6 months. Similar to our findings, previous studies suggested a dose--response relationship between parity, and breastfeeding initiation and exclusivity among mothers of both singleton and twin infants \[[@B23],[@B26],[@B36],[@B74],[@B83]\]. Another study found that first-born children were more likely to be weaned early and introduced to cow's milk and formula early \[[@B84]\]. Multiparous women have higher self-confidence, self-efficacy, and infant feeding knowledge gained through earlier breastfeeding experiences and were more likely to breastfeed exclusively for 6 months \[[@B36]\].

This study has several strengths. This is the first Canadian study to use the psychometric properties present in results from the IIFAS. This is also the first prospective cohort study in Alberta to report on infant feeding transitions and pre- and postnatal predictors of breastfeeding. Another strength of this study is its use of the latest WHO infant feeding definitions \[[@B43]\] to evaluate feeding practices from birth using a prospective cohort design. As well, in this study a short-term recall (3-month interval) was used rather than a long-term recall (up to 5-year interval). The short recall period likely decreased the recall bias and increased the overall reliability of results.

However, limitations of this study should also be noted. First, this study has a recruitment bias; there is an over-representation of mothers from a higher socio-economic status, and this bias may limit the generalizability of the results. Similar problems were reported in other infant feeding studies conducted in industrialized countries due to the possibility of self-selection bias among health-attentive participants who volunteer for these studies \[[@B85],[@B86]\]. Second, the homogeneity of the sample limited our ability to compare attitudes of different cultural and socio-economic groups toward breastfeeding since the groups was comprised of Caucasian women with a high income status. The lack of diversity in our sample resulted in no significant associations between a wide range of parental/infant variables and infant feeding practices. Third, there is a risk that social pressure to breastfeed influenced mothers who are susceptible to that pressure to over-report breastfeeding rates. Finally, this study would have benefited from information on partners' support and attitudes toward breastfeeding.

Conclusions
===========

Despite the high proportion of breastfed infants, only 15.3% of infants were breastfed exclusively for 6 months. Breastfeeding promotion programs in Alberta seem to be successful in achieving high rates of breastfeeding initiation; however, a shift in focus is required to promote breastfeeding exclusivity. Given striking disparities in infant feeding practices across provinces in Canada \[[@B23],[@B24]\], closer scrutiny of infant feeding practices may be required to better understand the determinants of feeding behaviors.

Given that maternal knowledge about and attitudes toward infant feeding are malleable and may be changed through education and behavioural interventions, a good understanding of behavioural determinants is needed to design targeted interventions that address women's misconceptions about formula feeding and milk insufficiency, with a special emphasis on young, first-time mothers. Also, policy makers should be informed of the need to make provision of more nursing rooms a priority to encourage breastfeeding.
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